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.. . VIND-TUNYRL INVESTIGATION OF AX NACA 23021 AIRFOIL

TITE TWO SIZHS OF BALANGED SPLIT FLAPS

3r Robert S. Swanson and Marvin J. Schuldenfrel
SUMEARY -

An investigation hasg been made in the HACA 7- Dy 10-
foot wind turnel of a larse—chord HACA 23021 airfoll wlth
a l5-percernt—-chord aud a 25-percent-~chord balanced split
flap of Olark Y profile, to determine thse aerodynamic sec—
tion characteristics c¢f theo airfoil-"lap combdlinations as
offected o> the slze, nose location, and deflectlion of the
flans. Section 11f%t, drag, and pltching-moment character—
iatlice are prescented in the form of contoure of flap nose
location for 3iven vnlues of %tae 1ift, drang, and pltching-
moment cooficlents ard corplete aerodynamlc soction caar-
cctoristice aro rreserted for four ropresontative loca-
tlons of oreh Zinn. ©The %two bnloncod split flaps are com=
parod with o slntted-rlap anrrangemert devoloped in n pre-
vious 1nvoestization.

The nptinum nerodyn~mic ~rrrnnjerent nf elther dol-
nnced split flap, from concidarations of ninimum profile-—
drng coefriclenta for toke—-off ond elimdb, wos n~nn arrangement
comnaradle to the Fowler flap. The 1F-percent balanced
gplit flnp wns better over the mecdernte 1lift rarnge, while
the 25-parcert bdnlanced split Slaop wns better over the
klgh~11¥% rrnze. Both btalrnced split flans were better
than the best slottoed flop of o previous investisgatlon,
except in the hlzh-lift rnnge, whero the slotted flap de-
velopod n highor maximum 1ift coefficlent than did the 16—
percent bdalonced split flap.

From conslderations of naximun 1lift coefflcieant, the
Fowler arrangement of tho 25-percent balanced split flap
wes the optimum, 2iving an increment of maximum 11ft coef-—
ficient of adout 1.82. The vest slotted flap of a previ-
ous investisation gave an increment of 1l.47, while the
Fowler arrangonont of tho 1l5-porcent balanced split flap
fave an increment of l.24. The optirum position for the
15-percent balanced split flap was a high drag position
at 5 percont ahead of the tralling edgo and 3 percont dbelow
tho chord lino, whoro tho incromcat of naxlmum 1ift coef-
flclont ndtalnocd was 1.31.




In Zenoral, undor counparable conditions, the provi-
ously dovelopod elottcd flap had equal or somovhat lower
plitching-noment coeffliclents than elther size of balanced
eplit flayn.

INTRODUCTION

Ths Natlonal Advisory Committee for Aeronautles has
undertaken an oxtensive lnvestigation of verlious alrfoil-
flap comdbiraetions to furalsh information appllcadble to the
aorodynemic and structural design of high-1l1ft devicos
with the view tocward incrorsinz the safetyr and perform=-
enco ¢f alrplanes. A high-~1l1ft device canable of producw—
ing hirh 1lift with low drag for take—~off ~nnd initial ¢limd,
and hlgh 1ift wvith varinbdle drang for londing is belioved
desireble. Other important fonturee ere: mno incrouase 1in
dras with flaps neutral, small change in pitchirz moment
with flap deflcecction, low operating forcos, froedom from
posuiblo lcing, and structural simmliiclty.

Somo nromising sirfoil-Tlap comblnations have beecn
dovoloped for thc NACA 23012 and 23021 alrfoils. Aorody=-
namic data for the NACA 23021 alrfoll oquipped with singlo
gslottod fleaps are 3iven in roforencos 1 and 2, wilth split
fleps in reforonco 3, with plain and slotted oxtonsldlo
flape 1u reforcenco 4, and vith doublc elotted “laps in
roforcnce 5, Structural datn on thio airfoll ogquilopod
with o single slotied flap and with a split fleop are siven
in referonce 6,

The typo of flnp most commonly used on modern alr-
plance 1s somo form of eplit flap. In order to furanigh
information on this typo of flap, an investigntion hos |
booen made of ~nn NACA 23012 airfoll equipped with two siszes
of balanced split flaps, and 1a reported irn referenco 7.
The invostizntion of balnnced split flenms has been extend-
ed to tha thickor NACA 23021 airfoil and the rosults are
prosentod heroin, 3y a bdnlanced eplit flep 1s meant o
8plit flaop of -irfoll soction whica is dlsplacod rearward
a8 woll ao deflcecctoad downvward.

APPARATUS AND TESTS
Modecls

Tho basic.nirfoil nged in the tosts was bdullt to the
NACA 23021 vprofile with o chord of & feot and a span of



7 fooet: theo ordinates for the section are given in tadle I.
Two sets of lamirgted mehosany blocks were used .as removabdle
tall piecee for the alrfoll, one for each of the flaps test-
ed. T:ie %locks were cut out as showa in figure 1 so that,
in the retracted position, the flaps falred smoothly into
the wing. '

The two flaps tested were Hullt to the Clark Y proflle
(ordinates table I). The flep chords were, resvectively,
15 and 25 percent of the maln alrfoil chord and were of the
same sren as the airfoll. The flaps were bullt of laminated
mahogany ard were attached to the main alrfoll with speclal
filt4irge. Thogse fittirza allowed a wide wvariation in the
location of the nose polunt of each flap and prermlitted flap
deflections of from 0° to 60°.in 10° increments at each lo-
catlon., ZFiguro 1 shows the location of tl1e nose polnts
tested. The noneo volnt of the rlap 1s Aeflned es tae polnt
of targency of the flap leadin-i~edzo arc with a line per-
penidlcular to the Zflnp chord. Tre nrodels were made to a
tol:rance of (0,015 inech. ’ .

Tests

The nodel wos mounted in the closed test mection of
the HACA 7- by i0=foot wind tunnel, ro that it completely
gepannod the jet excspt for small clecrances at each erd
(reforeaces 8 and 9). The main airfoll was rigidly at-
tached to the balance frare bd» torque tubes whlch extend-
ed throuzh ths upper and the lower Joundaries of the tun-~
nel. The zngle of attack of the model was set fron outaide
the tunrel by rotating the torque tubes oy Tears of a cal-
1brated drive. ©Since approximatelr two-dlmenslonal flow
1s obtained with thils tvpe.of installatlon, the sectlon
charactaoristics of the model under test may be determined.

4 dynamic preasure of 15.37 pounds per square foot
was malntalned for all tests, which correrponds to a veloo=—
itr of adbout 80 miles per hour under standard conditions,
and to a test Eewnolds number of about 2,190,000 based on
the chord of the airféil with -the -flap retracted. The ef-
" fectiye Hernolds numker was adbout 3,500,000 vased on a tur-
bulence factor of 1.6 for the tunnel, (See reference 8.)

Force tests were made with each flap located 1in the
prosltions shown in figure 1 and for flap deflections from
0% to 60° in 10° increments. Lift, drag, and pitching mo-
ment were memasured throush the angle-of-attack range fron
-6° to the stall.




RESULTS AND DISCUSSIOX
Coefflclents
‘All test results are given in standard nondimenslonal
section coefflcient form corrected as explained 1n refer-

ence 8.

section 1ift coefficient (1/qe)

1
ca, section proflle-drag coefficient (d,/qo)
o section pitching~monent coefficlent about aero-
(a.cJo dynamic centor of plaia airfoil
n c?)
( (a.c.)olq ;
where
v section 1li7t
do gsection proflle drag

m(a.c.) gection pitching moment

0
q drnamic pressure (& p V3)
c chord of dbagic alrfoil with flap retracted
and
Qo angle of attack for infinlte aspect ratio
Bf flap deflectlion reasured betwoen the airrfoil

chord lire and the flam chord llne

Procisiorn

The accuracy of the neasureronts in the tests ias he-—
lieved to be within the following linmits:

Qg = = = = = +0.1 6g 0 ==~ == +£0,0006

ey, - - - - 0,03 Y I #+0.002



e - = = %0,003 Bp = =~ = = = = = -~ -~ -20,2°
m(a..c.)o . . £ .

Sa, - = = = -30.0003 Flap position - - - - +0.001lec

nin

Yo correctlons have been applied to the date for the

" effact of flap hinges, as thelr effect 1s belleved to be

‘snall, The relative merits of the various flap conbina-
-tlong are -probably not apprecladbly affected dbecause the

- gsane hinge fittings were used 1in all tests.

No -attenpt was made to determine the effect of the
break in the lower surface of the wing when the flap 1lse
rotracted, ag 1t is velieved that some comparatively sin-
ple arranfenent mar be used to seal the break on an actual
installation. .

Plain Alrfoll

The conmplete aerodynanic section characteristics of
"the piain NACA 23021 airfoll are given in figure 2. These
Gata ere presented and 3discussed in reference 1.

Deternination of Optinum Flap Arrangenents

Maxinun 13ft.~ Contours of flap nose location for
naxinua 1lift coefficlient are presented in figure 3 for the
l5~percent—chord balanced split flap. . The optimun loca-
tions of the flap nose are directly below the tralling edge
of the airfoll for flap deflections less than 25°; for
which deflections, bdased on inforration obtalned fron pre-—
vious invectizations of low ﬂrag arrangenents, the flap
was unstalled. (Note that this 1s the Fowler or the slot-
ted extensidle flap arrangemernt.) The best nose location
was 6 percent below the chord line for 0° flap deflection,
3 vercent below for 10° flap deflection, and 1.5 percent
below for 20° to 25° flap deflections. After the flap
‘stalls the optirum loecation is 5 percent ahead of the trall-
ing edgé and 3 pereent velow the chord 1line for all flap
deflections  from 30° to 60°. The haxipun 1ift coefficient,
obtained -with the flap. located at. the Fowler position and
with tho comparatiwely low drag flap. deflection of 25°
was 2,54 w*ich was .only lncreased to 2.59 at o flap deflec-
tion of 60° The maximum 1lift coefficlent odtained with
the 15-nercent chord balonced split flap at the optimum lo-
cation was 2.36 with a flap deflection of 60° ne compared




to the maximum 1ift coefficlent of 2.82 obtained with the
25.65~percent—~chord slotted flap 2b of reference 1,

The contours of flap location for maximum 11ft coef-
ficlient for the 25-~percent-chord balarced spllt flap are
presented irn ficgure 4. As for the smaller flap, the optili-~
nmum locations for the unstalled flap deflections are below
tke trelling edce of the alrfoll, Deing 5 percent bslow
the chord line for 0° deflection, 3 perceat below for 10°
and 20° deflections, from 3 to 1.5 vercent below for a 30°
defloction, and 1.5 percent below the chord line for & 40°
flan doflection. Note that the larger flap went to a muca
highor defioctlon bpefore 1t stalled. The host locations
for the 50° and &0° flap defloctions were 3 percont bolow

the chord lineo and 8% rercert ahoad of tae tralling edge.

The maximum 1lift coefficlents obtoined were 3.16 at 40°
deflection aand 3.0C at 609 deflections, so there is no
reason to use the higher deflections unleass added drasg
for lending 1s deelred along with a sacrifice of mazimum
1lift coefficlens.

¥From the contours given in figures 3 arnd 4 the de-—
elgner can deteornine the maximunm 1lift coefficlent to be
expected at any flap locatlon and deflection within the
renge investlgated. Tre contours do rot all close but 1t
1e bPelleved that a sufflicilent range was investigated to
cover any probadble installation,

"Minlmur. profille érag.~ The contours of flap noss lo-
cation for constant profile-~drag coefficlents for the 15-
percert~-caord bnlanced split -flap are presented 1n figures
5, 9, and 7. The contours are glven for 1lift coefflclents
of 1.0, 1.5, and 2.0 for each flap deflection from 0° to
60°. The mininmum profile~drag coefficlent obtalned at a
1lift coefficlent of 1.0 wag 0,0218 for the Fowler arrange-
ment deflected 10° as compared to a profile-drag coeffl-
clent of 00,0248 for the plain wirg. At o 11ft coefflcient
of 1.5, the Fowler arran3lement deflecied either 10° or 20°
gave a mirimum profile-drag coefficlent of 0.0306, and at
a 11ft coofflciert of 2.0 the Fowlsr arrangement deflected
20° wes also the optinum, giving o minimun profile-drag
coefficiont of 00,0446, Tho Fowler arrangoenent of tho 15«
percont-chord talanced split flap has a lower profile drag
than slotted flep 2b of roferoncc 1 fer all 1ift cooffl-
clents below 2,0, out has highor profilo-drag coefficlents
at 117t coefficlents nbove 2.0.




The contours of flap nose location for comnstont
profile~draf coefficlents for the 25-percent-chord bnlanced
split flap.nre presented in figuree 8, 9, and 10. The op-
timun locoatlon of the nose of the flap for o 1ift coeffl-
clent of 1.0 wns 3 percent below the chord 1line and per-

coent nhead of the tralling edze ot 10° deflection for the
2E-percent-chord flap. However, the minimum proflle-darag
coefficlent of 00,0231 was only increased to 00,0237 when
the flep was moved bnck to the Fowler position. Both ar-
rorgernients are better than elther the plain alrfoll or
slotted flap 2b of refereohce 1, but are inferlor to the
optlmum arrangement of the l&~pesrcent~chord balanced split
flap. The Fowler arrangement wag the optimum at a 1lift
coefflclent of 1.5, and the profile-dragy coerfficient was
the scme as for tkhe l5~percent-chord balanced spllt flap
at the same 1ift coe’flclent. At a 1ift coefflcient of
2.0, the optimum arranzement was the Fowler, deflected 20°.
The profile—dras coofficient of 0.0405 obtalned was lower
than that of either slotted flap 2b of reference 1 or
the 15-percent-chord valanced split flap. The 2b-percont-
chord oalanced split flap locatod at the Fowler posiilon
hpd a minimum profile-~dras coefficlont of 0.064 ot o 1ift
coefficlent of 2.5 as compored to a nroflle~drag coeiffl-
clent of J,083 for slotted flap 2b of reference 1 nnd
0,110 for the 1l5-percert-chord banlanced split flap ot the
Fowler position.

The locatlior of the nose of the flap for sither Ddal-
anced splilt flop for minimum profile-drag coefficlents 1s
not extremely criticnl, dPut the drag does increase rather
rapldly as the flap nose 1s moved forward or downward from
the ontimum position, The optimum arrangement is one com—
parable to thas Fowler flap from considerations of minimum
profile—draz coefrficlernts.

Pltching moment.- The contours of flap nose locatlon
for pitchirng-moment coerficlents avout the serodynamic cen-—
ter of the plain nirfoll nre presentod in figures 11 to 16
for doth sizes of balnnced split flans. In genersl, the
optimum location of the flavps to 4£ive minimum pitching-
monent coefflclents nt n given 1lift coefrflicient and flap
deflectlon is tho sinple split-flrnp arrangemont, while the
location which glves the maximum pitching-moment coeffil.-
clents 1a the Fowler arrangenont. For tho l5-percent-chord

. balancod split flap the pltching momente for the Fowler

arrangenent are nbout 35 percent higher than for the sin-
ple split-flap arrangement, and for the 25~peorcent-=chord
balanced split flap thoy are about 90 porcent higher for




the Fowler arran<erient than for the sinple eplit—flap
arrangjenent. - .

- 4n ezact analysias of pltching-poment detarle quite
complicated and a great many difforent factore nust he

" considered. In this roport the nitcaing-monent coeffi-

clents of the two slzes of balanced enlit flaps will De
corpared only on the basls .of equal rmaxlirun 1ift coeffi-
cients, Tals comparlinon is given in the followlng tabdle
for both sizee o7 talanced pplit Flape at several loca=-
tions ~nd for. slotted flep 2b of reference 1, all ar-—
rangad to 3ive a raximunm 1lift coefficient of 2.3 and at
. 1ift coefflcients of 70, 80, and 9C porcent of the raxl-
rur 117t coefficlent. Profile-dras-coerficleant and llap-
deflection data are included in the tadle.

l_ﬂ- cq, at HV cn(a.c,); 8t

25-percsnt~chord balanced ‘snlit flap,. cy ax'= 2e3
max

i " Jegrorf 0.9 f o8 | c.7 | 0.9 | 0.8 | 0.7
4 ' :
Cc c (o] c (] (] (+]
i I'ma.:c T'ma.:: .LEa.I zmax I’ma.:: 1’max I’max
0.0833| 0.06 | 15,5°f0.088] 0.075| 0.067||-0.295|-0.292{-0.285
.1667| .03 | 8° .054| .042| .035| -.313| -.302| -.286
.25 |0 10,5°) .055| .044| .036) ~.330|.--.%15| -.305
.25 .01E8| 5° .058| .042| .035(| -.300( -.278| -.260
15~percent—-chord valanced split fiap. cy, = 2,3,
—= max
0.05 |0.06 |28° 0.091]0.082 0,076(|~C.288(-0,284 |-~0,279
" .10 .03 |20° .067| .056] .049ff —=.300| =.300]| ~.295
.15 |o 330 087 .055] - .047|| ~.360| =,351| ~.349
°15 .015| 22° »050f ,041l] .035)] =.355| -.358| —=.362
25.66~percen§~chord slotted flap 2b of reference 1,
ey . = 2.3
max

20¢ ]8.048 0,040 o.oss"-o.soo ~0.290 |-0.280

) The table #hows that slot ed flap 2b of reference 1l
has .811ghtly lower vitching—moment coerfficlents than the
15~percent-chord balanced split flap except for the hizher
dra3 arrangement- of the balanced split flap, and has ap-




.....

low-draq arrangements of the 25-percent-chord balancad
epllt flap,

Bifect of sealinz gav.~ Incomplete tests were made

* with both the 15— and the 26-percent-chord balanced split

fleps to determine the effect of sealing snall saps be=’
tween the alrfoil and the flap nose. Results are in agree=~
ment with roference 7 where 1t.was fourd thot sealing small
gops of about 1 perceant or less was beneflcial to the max~
irpum 11ft coefficient, while sealing zZaps greater than
about 1 percent was detrimentnl to the maximum 1lift coef-
ficlent. TFrom thls 1t would appoar that the small gaps
were acting as leaks whlle the large gaps were acting as
slots; however, Xt should bPe noted that in nll cases seal-
ing tho %ap increased tke profile-drag coefficient. The
data obtonlned on the effects of sealing the g£aps were not
sufflclent to be nreserted in thoe fornm of curves 1n this
report.

Asrodrnamic Section Characteristics

Conmplete aerodynamic section characteristics are pre-
sented In figuroes 17 to 24 for four differeont nose loca-
tiones of both the 15~ and tae 25-percent-chord dbalanced
8pllt flavs. These locations are belioved to lie on or
near any probable path tanken by the flap in moving from
1ts retractoed position to its position for maxinum 1lift.
These flguros, in conjunction with the contours of figures
3 to 16, should allow tho dosizners to predict tho por-
formance of any airfoil-~flap arrnngenont witkin the range
investizgated.

Conparison of Flap Arrangpnonts

Envelope polars of profile~drag coefficient for doth
slzes of bdalonced split flaps are given in filgures 25 and
26, for the four positlons for which complete aerodynamic
sectlon characteristice were given. These polars show
that the Fowler arrangoment Zives the lowest proflle~drag
coefrficlent for o given 1lift coefficlent for either slze
of flap, except at the maximum 1lift of the l5-percent=
chord balanced split flap, where a higler maximum 1ift co-
efflciont 1s obtalined with tho flap located 5 -percent
ahead of the tralling odge and 3 porcort below the chord
line, TFron consideration of maxinum 1ift coofficlent and
ninipun profilo-drang coefficlont, the Fowler location 1s
tho bost for the 25-percont~chord balanced split flap.



10

Fron consideration of raxinur 1ift coofficiont, the optiw~
num location of the l65-percent-chord balanced split flap

1e 5 percent ahead of the tralling edge and 3 nercent below
the chord iine; wvhile, from conslderations of ninimunm
proflile—drasg coefficlent,.the Fowler location l1ls tho opti-~
nun.

Compnarison of Fowler Arransercents of the Balanced

Split Flaps and Slotted Flap 29 of Reference 1

Envelope pclars for the Fowler arransements of the
two slizes of balsnced snllt flaps aad for the 25,66~
percent~chord slottod flan 2b of roeference 1 are Zlven
in ?7igure 27. This Tigure shows that the basic girfoil
had the lowest profile~drag coefficlents over the low 1lift
range; the Fowler arran<erent of the 1l5~nercent-chord bal-
enced split flap hod the lowest profile-drag zoefflclents
over the noderate 1lift range; and the Fowler arran<gement
of the 25-percent-~chord balanced split flap had the lowes?t

proflile—drag coefficlents over the high 1lift ranse.

The Fowler arrangenent of the 25-percent-chord bal-
enced split flap was better than slotted flap 2b of ref-
erence 1 over the whole 1l1ft range; while the Fowler ar-
ranzement of the l5~percent-chord balanced split flap was
better than slotted flap 2b over the low and moderate
1ift ranrfes, but had higher »roflle—-drag coefflclents over
the hicgh 1ift rasnge.

A comparison of the increments of maximum 1lift coef-
flclent for the two sizes of halanced spllit flaps at the
Fowler nosltion and for slotted flap 2b of reference 1
1s glven in figure 28, This fisure shows that 1little in-
creage in maximum 1lift coefficlent 1s odtalned by deflect-
ing the balanced split flap berond the angle at whleh the
flap stalls., The 25-percent-chord balanced split flap
gave the largest increment of maximum 1ift coefficient,
about 1.82; slotted flap 2b of reference 1 gove an inter-
medlate increment of maximum 1lift coefficlent, avout 1.47;
while the l5~>erceant—-chord balnnced split flap gave the
seallest lncremeont of maximum 11ft coefficient, about 124,
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" CONCLUDILG REARXS

The optimum aerodynamlic arrangement of elther size of
balanced anplit flap, rron conslderation of riairum profile-
drag coefficlonts for tako-—off ard initial cliomdb, was an
aerransenent comparableo to the Fowleor flap. The resnlts
showod tant the Pasic alrfoill a~d tho lowest profile~dreg
coofficlients over thoe low 1lift roange; the optinum ~rrange~—
nont of the 15-norcent~chord baloncoed eplit flanp had the
lowest proflle-drr3 coefficleonts over tho roderate 1ift
ranzte; ead the optimun arrangement of the 25-percent-
chord balanced snlit flap had the lowest Dprofile-drag co-
efflcients over the hlzh 1i1ft rance. On tiae basls of low
proflile—dras coeficlents, the sptirun arrangenent of the
28-parcent-chord talanced split flan was better than the
test slotted flnp, dovelomed in a previous inventigation,
over the whole 1ift range, whille ths optlinun arranzetent
of the 1l5-=norcent-chord balanced egplit flap was vetter
than the nrevioualy doveloned slotted flan over the low
ard modorato 1lift ranjos, dut had highor nrofile-drag co-
efflciontes over the hisgh 1ift ranse.

The Fowler arraan<ement of the 25-percnnt-—-chord bael-
anced eplit flap zave the hizthest increment of nazlmum
1ift coefficlent, about 1l.22 as compared to 1l.47 for the
previously cdeveloped slotted flap, and 1.24 for the Fowler
erranterent of the l5-percert-chord balanced split flap.
The optimum arrantement of the 1l5-percent~chord balanced
8plit flap from considerations of maximum 11f%t coeffliclent
was 5 percent ahead of the trailing edze and 3 percent
below the chord line, where the increment of maximum 1ift
coefficlient was l.21.

In general, undor comparable conditions, the previe,
ously developed sliotted flap had equal or somewhat lower
pitching moments than elther size of balanced split flape.

Langley Yemorlal Aeronsuticel lLaboratory,
National Advisory Oonmittee for Aeronautlcs,
Langler Field, Va.
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TABLE I - - - - e -
Ordirates for Alrfoll ard Flep Shapes

(Stations and ordinntes in percent of airfoil chord)

NACA 23021 airfoll Clark Y flaps
Upper Lowver Upper Lower
Station surface | surface Station surface | surrface
0 - 0 0 3.50 3.50
l1.25 4,87 -2.08 l.25 5.45 1.93
2.5 6.14 ~3.14 2.5 6,50 1.4%7
5 7.93 -4 652 5 7.90 .93
7.5 9,13 -5.556 7.5 8.85 «63
10 16,03 -5,%2 10 9,60 42
15 11,19 -7.51 15 10,69 .15
20 11.80 -8B, 30 20 11,36 .03
25 12,05 -8.76 20 11.70 0
30 12,08 -8,95 40 11,40 0
40 11,49 -8.83 60 10.52 0
50 10.40 -8.14 60 9.15 0
60 8.90 -7.07 70 7.35 0
70 7.09 -5.72 80 5,22 0
80 5,05 -4 ,13 90 2,80 0
90 2,76 -2 ,30 95 1.49 0
95 1,53 -1 .30 100 012 0
100 22 -2 L.F, radius:1.50

L.E. radius: 4.85
flope of radius through
end of choxrd: 0,305
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Figure 17.- Aerodynamic section characteristics of NACA 23021
airfoil with 0.15¢c balanced split flap located at
x = 0.05¢ , y = 0.06¢c.
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Figure 18.- Aerodynamic section characteristics of NACA
23021 airfoil with 0,.15¢ balanced split flap
located at x = 0.10c , y = 0.03c.
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Figure 19.- Aerodynamic section characteristics of NACA 23021
airfwil with 0.15c balanced split mev located

et x = 0.15e¢ , y = 0.015¢c.
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Figure 20.- Aerodynamic section characteristies of NACA
23021 airfoil with 0.15c balanoed =plit flap
located at x = 0.15¢ , y = 0.
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Figure 21.- Aerodynamic seetion characteristics of NACA 23021
airfoil with 0.25c balanced split flap located at
x = 0.0833c , y = 0.06c.
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Figure 23.- Aerodynamic section characteristics of the NACA
23021 airfoil with 0.25c balanced split flap located
at x = 0.25¢,. y = 0.015¢.
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Figure 24.- Aerodynamic section characteristics of the NACA
23021 airfoil with 0.25c balanced split flap
located at x = 0.25¢, y = 0.
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